Searching for Fractionally Charged
Particles with DAMPE

En-heng Xu( )
(On behalf of the DAMPE Collaboration)
University of Science and Technology of China

2024.08.25 MEPA2024 YunNan



Outline

AMVlotivation

APrevious results of FCP
ADAMPE experiment

ASearch for FCP with DAMPE

ASummary



Motivation

An 1909, Millikan conducted the oil drop experiment to

measure electric charge, ultimately determining the
charge of a single electron.

cover Results
|
| . '| Summary as of January 2007.
Eg?ttésab‘/\ Spray . $d qmicroscope () \i> Total mass throughput for all experiments- 351.4 milligrams of fluid
Total drops measured all experiments - 105.6 million
j “}mrm AT No evidence for fractional charge particles was found.
AThe fractional charge search experiment at SLAC SB‘:‘C

utilizes the Millikan method of determining the PN
electric charge of falling fluid drops. '



Motivation

An 1964, quark model was proposed
by Gell-mann and Zwelg.

AHadrons composed of quarks and
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The possible origins of FCP

© Casey Kazan via NASA/JPL

Early universe Supernova explosion Extensive air shower

AThere are three possible sources of FCP in cosmic rays:
-It may be produced at the early Universe after the Big Bang
-Or high-energy astrophysical processes

-Or extensive air shower of cosmic-rays



Searching for FCP with Underground Experiment
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MACRO
depth: 1400 m
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Fig. 1. The LSD experimental detector. The 72 tanks are
considered as divided into 24 vertical columns (e.g. tanks
1-25-49 form the first telescope).



Comparison between experiments

Underground Experiment Space Experiment
Energy loss when a particle passes through the A cutoff structure Is caused by the e a r tmlaagnetic field
1000m depth rock Near the equator, proton flux cutoff ~ 10 GeV

- for muony ~ 663 GeV
- for 2/3e FCPYx ~ 300 GeV

2/3e FCP flux cutoff: 6 ~ 7 GeV
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Searching for FCP with Space Experiment
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The results of previous experiments
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DArk Matter Explorer (DAMPE)

A DArk Matter Particle Explorer (DAMPE) is a space
experiment for detecting high energy cosmic rays

| Jiuquan Satellite Launch Cen'r;;
December 17th, 2015

Orbit: sun-synchronous
Altitude: 500 km
Period: 94 minutes

5 million events/day

16 GB/day downlink
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Event counts in difference energy bins
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-Purple Mountain Observatory, CAS +
- University of Science and Technology of China
- Institute of High Energy Physics, CAS
- Institute of Modern Physics, CAS
-National Space Science Center, CAS
ITALY
- INFN Perugia and University of Perugia
-INFN Bari and University of Bari
-INFN Lecce and University of Salento
-INFN LNGS and Gran Sasso Science Institute
SWITZERLAND

- University of Geneva
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DArk Matter Explorer (DAMPE)

Plastic Scintillator Detector
(PSD)

Silicon-Tungsten Tracker
(STK)

BGO Calorimeter
(BGO)

Neutron Detector
(NUD)

Astropart.Phys.95(2017)6i 24

- Charge measurement (dE/dx in PSD, STK)

- Gamma-ray converting and tracking (STK + BGO)
- Precise energy measurement (BGO)

- Hadron rejection (BGO + NUD)

11



AAdvantages of DAMPE compared with other FCP experiments
-Observe FCPs with significantly lower energy (a few GeV)

-Relatively large acceptance

-Long exposure time

AMSO01 3000 3.6P1L04 3.0P107 (95%C.L.)

BESS 1500 3.6PL0P 4.5P107 (90%C.L.)

DAMPE 3000 2.3P107 ?
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Assuming the nature of FCP

AAssuming the nature of FCPX s /{ |
- Massive | / Lovert
- With electromagnetic interaction / BGO
- W/O hadronic interaction et f s
Layer13 | )
- The charge would be 1/3e or | / Lavertd
A) .
2/3e AMPE MIPs trigger
- like a massive lepton (e.qg. Al'rigger threshold: 0.2 proton MIP
muon) onization energy loss for 1/3 e FCP a 1/9 MIPI

Not Pass Trigger

Aonization energy loss forj2/3e F C|P 49 MIPi

Pass Trigger
Ourtarget



Data Sample

AFlight datax 2016.01.01 ~ 2020.12.30
ASimuIationx

- proton 10 GeV ~ 100 TeV
- FCP 7 GeV ~ 10 TeV
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10%E

FCP MC primary energy

w FCBsimulation

Createda virtual particlein Geant4
Chargewith 2/3 e

Addionizationand multi scatteringprocess
Energyspectrumobeythe E2 7
Spherigarticlesource

Mass 1200 MeV
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Sample Selections

Features of heavy leptoelike FCP s ; '
A Fractional charges o —
A Only ionization process -
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MIP-like Event Selection

AMIPs in BGO:

- Over-threshold(2 MeV) hits no more
than 2 in one layer along the track

- More than 10 layers are required to
have signals

- One of last two layers should be fired

BGO Calorimeter
I
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Layerll

Layer13

f

Layer3
Layer4d

|
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BGO

Layerl2

Layerl4d
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Charge Measurement

PSDChargeaesolution STKChargeaesolution
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Signal Region
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Upper Limit Calculation

N
b — obs |
Texp €scaletri gAeff €region
B . Flux or flux upper limi€A1 O OO )

: Number of observed FCP, no candidate Is observed, Is taken
to be?2.44 at the 90% C.by FeldmarCousins method

Y . Exposure time’.34; 10's
. triggerefficiency,85.5% givenby MC
. pre-scalefactor 1/4

0 . effectiveacceptanced40cnesr
T . signalregionefficiency86%



Upper Limit of 2/3e FCP

TABLE I. The comparison between DAMPE and other similar types experiments.

1

Experiments Geometric acceptance(cm ™ sr) Exposure time (s) Upper limit (cm=2 sr~!s71) (D < 6 2 ¢ 10_ locm_z Sr_l S_l
AMS-01 3000 3.6 x 10% 3.0 x 1077 (95% CL) ’
BESS 1500 32 x 10° 4.5 x 107 (90% CL) /

DAMPE 3000 2.3 x 107 | 6.2 x 10~*° (90% CL) |
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Massand Spectrumindex scan

Inthe research+CP mass is 1200 MeV and Spectrum index Is 2.7
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FCP Mass MeV Spectrum Index
Themassvariesfrom 200MeVto 2000MeV with The spectrum index varies froff to -2 with a

a stepof 200MeVis appliedto the simulation. stepof O.1isapplied tothe simulation. 21



Prospects for Searching for Light FCP

FCPshould not be constrainedto be heavy

lepton
A Showercanhappen

A Massmaybe light
A Electronlike light-mass particle

Energyloss:Bremsstrahlung
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Prospects for Searching for Light FCP
HeavyCP LightFCP
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Prospects for Searching for Light FCP
MC
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In this case, we can provide differential results with kinetic enelgpyendent
spectrum.



Summary

ASpace experiments can detect FCPs with energy as low as
a few GeV

ANo 2/3e FCP signals are observed and a flux upper limit of
0 <6.21 1019cm-2sr1s-tis established at the 90% C.L..

AResult is published in Phys. Rev. D 106, (2022) 6-15

L] ]
ARecord in Particle Data Grou P ——
Shielding values followed with an asterisk indicate alfitude in km. Shielding values not followed with an asterisk indicate sea level in kg/em?
FLUX (em~2sr~1s7Y) CHG (e/3) MASS (GeV) SHIELDING DOCU 2 TECN
. - . - < 6.2E-10 +2 ! ALEMANNO 2022  DAMP
earching for Light is on-going. =~ .
" <9.2E-15 +1 3800 3 AMBROSIO 2000C  MCRO
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FCP searching

Fiducial cut: geometry angle

Preselection / Trigger enabled: GO G1 G2

\ Event energy <= 1000 MeV
Global track

Track selection Va

\_ Angle difference: 2 o

PSD layer hit num <= 2

MIPs selection in PSD r
\_ PSD path length =10 mm

BGO layer hit num <=2

MIPs selection in BGO r

%\ Penetrate BGO: layer 12 or 13

PSD charge PSD end charge ratio

o

STK energy < 120 adc

Remove ladders' edge cluster

STK charge

{ More than 6 clusters remain

Remove the largest energy

27



Charge Measurement

PSDChargeresolution STKChargeesolution
(Chargaunit, c.u.) (Chargeaunit, c.u.)
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Charge Reconstruction

(a) 1T s bata (b) 1 . 6ata
: - MC_Proton - MC _Proton
- — MC_FCP = |, . |\:/|C_FCP
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Q Q
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PSD Charge (e) STK Charge (e)
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Plastic Scintillator Detector (PSD)

Plastic
scintillator

= L1

L2 PMT base

APSD is located on the top of the payload
- Active area: 82cm | 82 cm
- Number of planes: 2
- 41 strips each layer

- Overall efficiency O 0 . 9 fartharged
particles
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Silicon Tungsten tracKet (STK)

/AEtructure of STK CFRP pie Top |

- Pitch of silicon micro-strip: 121 € m son s e
- ACtive area: 75 . 8 T 75 . 8 sz v) \ Tungsten plates &

CFRPpIateborg
-6 Planese 6X + 6Y(

- Three 1 mm thickness tungsten
layers embed in the STK S—

Trays
X-layer
"-.‘_" 1 / "',"

- T Y-layer : -
Pl \
G R & o Tungsten plates /1—;
7 1 ’ | 31
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BGO calorimeter

AiaT 22 BGO crystal array
- Dimension of a BGO bary 2.5I 2.51 60cm3

- Layers are alternated In an orthogonal way

/&I'hicknessx 320y,1.6_0
AEach end of BGO bar Is coupled to a PMT

32



